Abstract. Incidence of white matter injury (WMI), which is featured as softening of white matter tissues, has recently increased. Previous studies have demonstrated a close correlation between T helper cell 1 and T helper cell 2 (Th1/Th2) imbalance and nuclear factor-κB (NF-κB) with brain disease. Their role in premature WMI, however, remains to be illustrated. Serum samples were collected from 60 premature WMI neonates, plus another control group of 60 premature babies without WMI. Patients were further divided into mild, moderate and severe WMI groups. Reverse transcription quantitative polymerase chain reaction was used to test mRNA expression levels of Th1/Th2 cytokines, including interleukin 2 (IL)-2, tumor necrosis factor-α (TNF-α), IL-4, IL-10 and nuclear factor (NF)-κB, whilst their serum levels were measured by ELISA. Their correlation with disease occurrence and progression were further analysed, to illustrate the effect of Th1/Th2 balance and NF-κB on pathology of premature WMI. Serum levels of IL-4 and IL-10 were significantly decreased in premature WMI babies, whilst IL-2, TNF-α and NF-κB were upregulated (P<0.05 vs. control group). With aggravated disease, IL-4 and IL-10 expression was further decreased while IL-2, TNF-α and NF-κB were increased (P<0.05 vs. mild WMI group). Th1 cytokines IL-2 and TNF-α and NF-κB were negatively correlated with Th2 cytokines IL-4 and IL-10. Disease severity was positively correlated with IL-2, TNF-α and NF-κB expression, and was negatively correlated with IL-4 and IL-10 (P<0.05). Th1/Th2 imbalance and NF-κB upregulation were observed in WMI pathogenesis, with elevated secretion of Th1 cytokines and decreased Th2 cytokines, suggesting that Th1/Th2 imbalance and NF-κB upregulation may be a potential indicator for the early diagnosis and treatment of WMI pathogenesis and progression.
Introduction
Due to the development of obstetrical techniques and perinatal medicine, and advancement of neonatal intensive care, the survival rate of premature babies has been increased over the years (1, 2) . Associated complications, however, are also rising, particularly in brain injuries (3) . The incidence of neonatal brain injury occurs in >10% of all premature babies (4) . Neonatal white matter injury (WMI) is a common type of brain injury in premature babies. Pathological features of WMI include abundant infiltration of microglia, damaged oligodendrocytes, formation of astrocytes, myelin damage and axonal injury. A severe manifestation is the softening of white matter around ventricular zones (5, 6) . Neonatal WMI is accompanied with neurological injury and neurodevelopment retardation to different extents (7) . Severe WMI can cause intelligence and body development disorder, epilepsy, visual-auditory disorder and cerebral palsy, contributing to perinatal mortality and becoming a public health issue worldwide (8, 9) . Multiple factors can induce premature WMI, including intra-uterus infection, hypoxia, cerebral ischemia and fetal age (9) . However, due to insufficient knowledge of WMI pathogenesis, currently no effective treatment exists, leaving only symptomatic treatment with unfavorable efficacy (10) . Therefore, studying WMI pathogenesis should draw attention in pediatric and obstetric fields.
T helper cells (Th) can be divided into 2 subgroups, namely Th1 and Th2 cells (11) . A recent study demonstrated the cross-regulation and inhibition between Th1 and Th2 cells via modulating cytokine secretion, further maintaining Th1-Th2 balance, and exerting important functions for the normal immune functions of the body (12 homeostatic condition via self-regulation and cross-regulation targeting secreted cytokines, and it participates in the modulation of cellular and humoral immunity. As a member of transcriptional factor protein family, NF-κB participates in regulating cytokine secretion, and inflammatory or immune responses (14, 15) . A previous study demonstrated the close association between Th1-biased Th cell transition, plus the secretary level of body cytokines and abnormal expression of nuclear factor (NF)-κB and the occurrence of cerebral injury (16) . The current study investigated the expression profile of Th1 and Th2 cytokines in WMI patients, in an attempt to illustrate the role and functions of Th1/Th1 alternation in WMI pathogenesis.
Patients and methods
General information. A total of 60 premature neonatal babies diagnosed with WMI were recruited from the Inner Mongolia People's Hospital (Huhehot, Inner Mongolia) from December 2014 to June 2015. There were 33 males and 27 females (gestation, 28-34 weeks; average gestation, 30±2 weeks; body weight at birth, 1,000-2,500 g; average (mean) body weight, 1,820±350 g). WMI was diagnosed by head ultrasound, which was performed by at least two pediatric consultants. The exclusive criteriaincluded: Perinatal infection, asphyxia, circulating disorder or ion disorder, those with severe kidney/liver dysfunction, inherited metabolic disorder, major malformation of organs, placental abruption, intra-uterus fetal distress and premature rupture of fetal membranes. The control group included 60 premature neonatal babies without WMI, recruited during the same period. The average gestation period was 31±2 weeks (range, 28-35 weeks), including 22 males and 27 females, with an average body weight at birth of 1,790±420 g (range, 1,000-2,500 g). No statistically significant difference was observed between the two groups regarding body weight. This study was approved by the ethical committee of the Inner Mongolia People's Hospital. Written informed consents were obtained by legal guardians for all participants.
Reagents and equipment. TRIzol reagent, an RNA extraction kit, reverse transcription-quantitative polymerase chain reaction (RT-qPCR) primers, an RT-qPCR kit were all purchased from Invitrogen; Thermo Fisher Scientific, Inc. (Waltham, MA, USA). ELISA kits for IL-2 (cat. no. BMS221-2), TNF-α (cat. no. 88-7346-22), IL-4 (cat. no. BMS225-2), IL-10 (cat. no. BMS215-2) and NF-κB (cat. no. KHO0371) were purchased from eBioscience (Thermo Fisher Scientific, Inc.). A lab system version 1.3.1 micro plate reader was purchased from Bio-Rad Laboratories, Inc. (Hercules, CA, USA). Cell culture incubator was purchased from Suzhou Purification Engineering Installation Co., Ltd. (Suzhou, China). A real time PCR cycler was purchased from Applied Biosystems; Thermo Fisher Scientific, Inc. A UV spectrophotometer was purchased from Mettler-Toledo (Greifensee, Switzerland).
Grouping of WMI patients. Grade of disease was classified into mild [minor reduction of white matter, perturbation of adjacent groves but no ventricular dilation, small and limited high-low signal on magnetic resonance imaging (MRI)], moderate (significantly decreased white matter leaving little white matter between lateral ventricles and gray matter, accompanied with dilation of lateral ventricles) and severe (replacement of white matter by cystic tissues, significantly high signal fusion with lateral ventricle under weighted images and significantly dilated ventricles), based on Flodmar standard and MRI results (17) . There were 17, 25 and 18 cases of mild, moderate and severe diseases, respectively.
Sample collection. Blood samples (5 ml) were collected from veins of both disease and control groups 24 h within admitting to the hospital. Blood samples were centrifuged at 3,000 x g for 15 min at room temperature to collect serum, which was frozen at -80˚C.
RT-qPCR for the expression profile of Th1/Th1 cytokines in WMI patients. TRIzol reagent was used to extract total RNA from peripheral blood. RNA purity and concentration were determined by UV spectrometry. Reverse transcription was performed using a test kit. cDNA was synthesized with specific primers designed using PrimerPremier 6.0 (www.premierbiosoft.com/primerdesign). RT-qPCR was used to test target gene expression using specific primers (Table I) synthesized by Sangon Biotech Co., Ltd., under the following conditions: 52˚C for 1 min, followed by 35 cycles each containing 90˚C for 30 sec, 58˚C for 50 sec and 72˚C for 35 sec. Fluorescent PCR was used to collect all data. Cq values were calculated using the GAPDH gene as the internal reference to plot a standard curve, on which quantitative analysis was performed using the 2 -∆∆Cq method (18) . 
Results

mRNA expression level of the Th1 cytokines IL-2 and TNF-α.
RT-qPCR was used to test the mRNA expression levels of the Th1 cytokines IL-2 and TNF-α in all groups. Significantly elevated IL-2 and TNF-α mRNA levels were observed in WMI patients (P<0.05 vs. control group). With aggravated disease condition, the mRNA expression levels of IL-2 and TNF-α were further potentiated (P<0.05 vs. mild patients, Fig. 1 ). Fig. 2 ).
Serum levels of Th1 cytokines IL-2 and TNF-α in WMI
neonates. ELISA was used to measure serum levels of the Th1 cytokines IL-2 and TNF-α in all WMI neonates. The results were similar results to the mRNA ones, as significantly elevated serum IL-2 and TNF-α levels were observed in WMI patients (P<0.05 vs. control group). With aggravated disease condition, serum levels of IL-2 and TNF-α were further potentiated (P<0.05 vs. mild patients, Fig. 3 ).
Serum levels of Th2 cytokines IL-4 and IL-10 in WMI neonates.
ELISA was used to measure serum levels of the Th2 cytokines IL-4 and IL-10 in all WMI neonates. The results were similar results to the mRNA ones, as significantly lowered serum IL-4 and IL-10 levels were observed in WMI patients (P<0.05 vs. control group). With aggravated disease condition, serum level of IL-4 and IL-10 was further suppressed (P<0.05 vs. mild patients, Fig. 4 ).
mRNA and protein expression of NF-κB in serum of WMI premature neonates. RT-qPCR and ELISA were used to analyse the mRNA and protein expression profiles of NF-κB in premature neonates with WMI, respectively. Significantly elevated NF-κB mRNA expression levels were observed in patients (P<0.05 vs. control group, Fig. 5 ). With aggravated disease condition, NF-κB mRNA expression levels were further elevated (P<0.05 vs. mild group, Fig. 5 ). Similar to those of mRNA, serum NF-κB levels were significantly elevated in the disease group, and in the severe sub-group (P<0.05, Fig. 6 ).
Correlation between serum Th1 and Th2 cytokines and NF-κB in WMI neonates.
The correlation between Th1 and GADPH  AGTGCCAGCCTCGTCTCATAG  CGTTGAACTTGCCGTGGGTAG  IL-2  GATCTACGCAGCGAAGAACTT  CTCTGGGACATCTCCGTCA  TNF-α  CTACGGAAGATCTCAATAGCG  GGGACTCTCAATCCTCGTC  IL-4  AGCGGATCTACGGAACTCAAT  CTGGCTGAGTCACATC  IL-10  GAAGATCTCAATAGCGTCA  AATCTCTCAATCCTCGTC  NF-κB  TCGCGGATCTACGGAAC  CTCTCAAGTTCCTCATC IL, interleukin; TNF-α, tumor necrosis factor-α; NF-κB, nuclear factor-κB. Th2 cytokines in serum of WMI patients was further analysed. The results demonstrated that IL-2, TNF-α and NF-κB were negatively correlated with IL-4 and IL-10 (P<0.05, Table II) .
Correlation between serum Th1/Th2 cytokines and NF-κB and disease severity. The correlation between Th1/Th2 cytokines in the serum of WMI patients and their disease severity was further analysed. The results demonstrated that IL-2, TNF-α and NF-κB expression were positively correlated with disease severity, whilst IL-4 and IL-10 expression were negatively correlated with disease severity (P<0.05, Table III ).
Discussion
A complicated pathogenesis mechanism exists for WMI in neonates. Intra-uterine factors and ischemia-reperfusion are two major determinants of WMI (19) . In an intra-uterus infection model by LPS injection, and another neonatal mouse model of hypoxia-ischemia, ventricular dilation, significant diffused WMI and softening lesion in cerebral white matter can be observed (20) . In the intra-uterus infection model, inflammatory cytokines including TNF-α, IL-6 and interferon-γ are elevated, in addition to an altered cytokine network in the uterus of pregnant mice (21) . This indicates a possible role of Th1/Th2 in WMI pathogenesis. The change of Th1/Th2 balance and NF-κB are closely correlated with occurrence of cerebral injury. The role of Th1/Th2 imbalance and NF-κB, however, remains to be illustrated. The same stands for the underlying mechanisms.
Among various factors secreted by Th1 cells, TNF-α and IL-2 are two representative cytokines. Hypoxia and ischemia cause elevated number of Th1 cells, leading to enhanced secretion of TNF-α and IL-2, causing chronic inflammation. Therefore, elevated secretion of Th1-associated cytokines is an important factor during inflammation. When the body is under inflammatory change, abundant activation of inflammatory and immune-associated genes occur, inducing elevated expression of cytokines including TNF-α and IL-2, thus modulating a complex cytokine network inside the body (22) . NF-κB is a transcription factor widely distributed in eukaryotic Th, T helper cell; NF-κB, nuclear factor-κB; WMI, white matter injury; IL, interleukin; TNF-α, tumor necrosis factor-α. Th, T helper cell; NF-κB, nuclear factor-κB; IL, interleukin; TNF-α, tumor necrosis factor-α.
cells, governing multiple pathological processes including inflammation, immune response, cell apoptosis and proliferation (23) . The present study demonstrated significantly higher mRNA and protein expression levels of TNF-α and IL-2 in WMI patients compared with the control group. With further aggravation of disease severity, TNF-α and IL-2 levels were further elevated. IL-4 and IL-10 were further suppressed with advanced disease condition. A correlation analysis between Th1/Th2 cytokines in WMI patients revealed a negative correlation between TNF-α and IL-2, and Il-4 and IL-10. Disease severity was positively correlated with TNF-α and IL-2 expression, and was negatively correlated with IL-4 and IL-10. These results demonstrated that the facilitation of secretion of the inflammatory factors TNF-α and IL-2 could activate the inflammatory response, leading to leukocyte adhesion, maturation and migration of immune cells, which might lead to further progression of inflammation, eventually leading to death of oligodendrocytes, impairing myelination in the central nervous system, and further severity of WMI (24) . Cytokines released by Th1 and Th2 cells can antagonize each other and inhibit Th response and release of associated factors, thus enhancing the humoral immune response and exerting protective roles (25) . NF-κB activation leads to elevated expression of inflammatory factors, especially the Th1-secreted cytokines TNF-α and IL-2, suggesting a positive feedback loop mechanism of TNF-α for secretion of inflammatory factors (25) . During WMI pathogenesis, NF-κB upregulation increases secretion of TNF-α and IL-2, both of which inhibit secretion of IL-4 and IL-10, leading to Th1/Th2 imbalance, and making a pathological progression of WMI. Therefore, the present study provided evidence for studying WMI pathogenesis.
In conclusion, during WMI pathogenesis, NF-κB upregulation increases the secretion of Th1 cytokines and decreases the secretion of Th2 cytokines, causing Th1/Th2 imbalance, which may be a potential risk marker for the early detection or treatment of WMI.
